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ABSTRACT 

Japanese  and  United  States  research  vessels  made  a  cooperative  research  cruise.  Dif- 
ferences in  distribution  of  salmon  were  examined  by  species,  by  maturity,  and  by  age  group. 
Sockeye  salmon,  Oncorhynchus  nerka,  were  in  the  more  northerly  waters  and  pink  salmon, 
0.  gorbuscha,  in  the  more  southerly  waters,  whereas  chum  salmon,  0.  keta,  were  more  widely 
distributed  and  in  all  waters  occupied  by  other  species.  The  proportion  of  older  ages  de- 
creased from  north  to  south;  immature  sockeye  and  chum  salmon  were  generally  restricted 
to  the  more  southern  waters  and  maturing  fish  to  the  more  northern  waters. 

The  distribution  of  larval  fish,  which  at  times  serve  as  food  for  salmon,  varied  by  group; 
Hexagrammidae  were  in  all  waters  occupied  by  salmon  whereas  larvae  of  Hemilepidotus 
and  Bathymaster  were  taken  only  in  the  northern  areas  and  Myctophidae  larvae  only  in  the 
southern  areas  occupied  by  salmon. 


INTRODUCTION 

Each  year  since  1955,  Japan  and  the  United 
States  (as  members,  with  Canada,  of  the  Inter- 
national North  Pacific  Fisheries  Convention) 
have  been  independently  investigating  the  dis- 
tribution of  salmon,  Oncorhynchus  spp.,  on  the 
high  seas.  The  purpose  of  the  research  is  to 
determine  the  ocean  distribution,  abundance, 
and  migration  of  salmon  and  to  answer  pert- 
inent questions  raised  by  the  Commission  under 
the  provisions  of  the  Convention.  To  cover 
more  area  in  a  single  coordinated  effort,  Japan 
and  the  United  States  joined  in  a  cooperative 
research  cruise  in  spring  1968  to  clarify  the 
relation  between  salmon  distribution  and  ocean- 
ographic features  south  of  the  Aleutian  Islands. 
Japan  made  similar  research  cruises  in  1967. 
The  joint  cruises  are  scheduled  to  continue  in 
subsequent  years. 


1  Fisheries   Agency  of    Japan,   Far   Seas   Research 
Laboratory,  Shimizu,  Japan. 


Two  Japanese  vessels  and  one  United  States 
vessel  participated.  The  Wakashio  Maru  fished 
from  April  30  to  May  24,  and  the  Hokko  Maru 
was  on  fishing  stations  from  May  9  to  24.  The 
U.S.  vessel  George  B.  Kelez  fished  from  April 
18  to  June  15.  Figure  1  shows  the  fishing 
stations  of  the  three  vessels. 

This  report  details  fishing  and  oceanographic 
results  of  sampling  in  a  wide  area  of  the  North 
Pacific  Ocean  and  presents  data  on  the  relation 
between  salmon  distribution  and  oceanographic 
features. 

METHODS  AND  EQUIPMENT 

Fishing  gear  and  oceanographic  equipment 
varied  between  Japanese  and  United  States 
research  vessels. 

Fishing  Gear 

Japanese  research  vessels  used  gill  nets  and 
longlines  as  fishing  gear.     The  research  net 
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Figure  1. — Stations  fished  by  Japanese  and  United  States  research  vessels  in  spring  1968. 


string  (standard  combined  mesh  net)  consisted 
of  10  tans  (a  tan  is  50  m.  long)  each  of  five 
mesh  sizes— 55,  72,  93,  121,  and  157  mm.  At 
some  stations,  30  tans  of  a  commercial  mesh 
size  for  salmon  (121  mm.)  were  added  to  the 
string.  At  most  stations  the  longlines  to  catch 
fish  for  tagging  and  for  comparison  with  gill 
net  catches  were  fished  along  with  the  gill  nets; 
either  20  or  30  hachi  were  set  at  a  station  (one 
hachi  has  49  hooks). 

The  U.S.  vessel  fished  30  shackles  (one 
shackle  is  about  91  m.)  of  gill  nets  of  five 
mesh  sizes— 63,  82,  98,  115,  and  133  mm.  For 
experimental  purposes  two  shackles  of  mono- 
filament mesh  (133  mm.)  were  added  to  the 
string,  and  on  a  few  occasions  five  shackles 
of  gear  were  attached  below  five  surface  nets 
of  similar  mesh  sizes  to  sample  at  depth. 

Oceanographic  Equipment 

The  Wakashio  Maru  took  BT  (bathythermo- 


graph) readings,  and  the  Hokko  Mam,  in  ad- 
dition to  BT  readings,  measured  temperatures 
with  reversing  thermometers  and  took  salinity 
observations  to  300  m.  with  a  water  sampler. 
The  George  B.  Kelez  used  an  STD  (salinity, 
temperature,  depth)  instrument  to  obtain 
oceanographic  data. 

ENVIRONMENTAL  CONDITIONS 

The  horizontal  distribution  of  water  tem- 
perature at  100  m.  indicated  a  slightly  different 
distribution  of  2°  C.  water  in  1968  compared 
with  1967  (fig.  2).  The  area  of  cold  water 
was  between  the  Transitional  Domain  to  the 
south  and  the  Alaskan  Stream  Area  to  the 
north.  In  1968,  water  was  not  colder  than 
2°  C.  east  of  about  long.  165°  E.,  whereas  in 
1967  the  cold  water  originating  from  the  West- 
ern Subarctic  Domain  intruded  well  east  of 
long.  170°  E.  at  lat.  47°  to  48°  N.  Temperature 
data  near  long.  170°  E.  were   obtained  from 


research  vessels  in  the  landbased  fishing  area 
or  from  the  Japanese  mothership  fishing  fleet. 
Figure  3  illustrates  the  vertical  distribution 
of  cold  water  originating  from  the  Western 
Subarctic  Domain.  Along  long.  170°  E.  above 
200  m.,  the  vertical  range  of  water  lower  than 
3°  C.  was  less  in  1968  than  in  1967.  Also, 
there  was  an  absence  of  water  lower  thaa2°  C. 
in  1968.  Figure  4  shows  that  no  temperatures 
lower  than  3.5°  C.  were  observed  above  125  m. 
and  south  of  50°  N.  along  long.  175°  E.  in  1968. 
In  1968,  the  5°  C.  isotherm  was  near  46°  N. 


along  long.  170°  E.  (fig.  3),  whereas  in  1967 
the  water  at  46°  N.  was  much  colder  and  the 
5°  isotherm  was  2  degrees  farther  south.  These 
data  show  that  warm  water  from  the  south 
extended  relatively  far  to  the  .north  in  1968 
and  the  cold  water  originating  from  the  West- 
ern Subarctic  Domain  did  not  extend  as  far 
east  in  1968  as  in  1967. 

The  temperature  and  salinity  structure  along 
175°  W.  and  the  temperature  structure  along 
long.  177°30'  W.  are  shown  in  figures  5  and  6, 
which   illustrate    the   range    of   the   Alaskan 
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Figure  2.— Temperature   (°  C.)   at  100-m.  depth,  spring  1967  and  1968. 
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Figure  3. — Vertical   sections  of    temperature    (°   C.) 
along  long.  170°   E.,  spring  1967  and  1968. 

Stream  and  other  water  areas.  Along  175°  W. 
in  May  (fig.  5),  salinities  were  lower  than 
32.8%,  above  100  m.  from  about  lat.  48°30' 
N.  to  51°45'  N.  Salinity  was  32.7%0  in  the 
upper  water  from  lat.  51°  15'  N.  to  51°45'  N. 
The  increase  in  salinity  (33.2  and  33.3/<«)  in 
the  surface  layers  near  the  islands  appears 
to  reflect  the  intrusion  of  water  from  the  Ber- 
ing Sea.  The  temperature  structure  showed  a 
characteristic  of  the  Alaskan  Stream:  Water 
warmer  than  4°  below  100  m.  was  north  of 
lat.  50°30'  N.  The  axis  of  the  stream  was 
near  lat.  51°20'  N.  To  the  south  of  the  warm 
water  (lat.  48°30'  N.  to  50°  N.  and  from  about 


70  m.  to  140  m.)  was  cold  water,  less  than 
3.5°  C,  which  represents  minimum  temper- 
atures of  surface  waters  from  the  previous 
winter. 

Along  long.  177°30'  W.  in  May,  observations 
of  temperature  to  depths  of  200  m.,  made  every 
9  to  19  km.  between  lat.  50°  N.  and  51°30'  N. 
(fig.  6)  were  useful  in  defining  the  precise  lo- 
cation of  the  stream  axis.  Water  warmer  than 
4°  C.  (between  100  m.  and  200  m.)  indicated 
that  the  axis  of  the  stream  was  at  lat.  51°16'  N. 
This  position  was  similar  to  its  location  on  long. 
175°  W.  (51°20'N.). 

At  long.  164°  W.  (fig.  7),  the  salinity  and 
temperature  structures  were  similar  to  those 
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Figure    4. — Vertical   sections   of  temperature    (°    C.) 
along  long.  175°  E.,  spring  1967  and  1968. 
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Figure  6. — Vertical  sections  of  temperature  along  long. 
177°  30'  W.,  spring  1968.  (Latitudinal  positions 
of  stations  are  not  to  scale.) 

at  long.  175°  W.  From  these  features  we  con- 
cluded that  the  axis  of  the  Alaskan  Stream  was 
around  lat.  53°30'  N. 

The  preceding  detailed  oceanographic  data 
were  used  to  identify  boundaries  of  various 
major  oceanographic  features  in  the  North 
Pacific  Ocean  (Alaskan  Stream,  Ridge,  West- 
ern Subarctic,  and  Transition  Water  Areas). 
Definitions  of  these  Areas  have  been  given  by 
McAlister,  Ingraham,  Day,  and  Larrance 
(1970).  These  authors  separated  the  Western 
Subarctic  water  into  two  Areas,  the  Oyashio 
Extension  and  Subarctic  Current.  Because 
some  oceanographers  question  this  separation, 
we  have  considered  the  Western  Subarctic 
water  as  one  Area. 

DISTRIBUTION  OF  SALMON  AS 

RELATED  TO 

OCEANOGRAPHIC  FEATURES 

Table  1  gives  salmon  catches  by  the  three 
research  vessels  by  species  for  each  set.  In 
the  following  discussion  and  illustrations  of 
distribution,  catches  have  been  standardized 
by  converting  them  to  catch  per  tan  in  which 
equal  weight  was  given  to  each  mesh  size. 

Sockeye  Salmon 

Figure  8  shows  relative  abundance  of  sock- 
eye  salmon  as  shown  by  gill  net  catches  and 
the  location  of  ocean  currents  and  Areas.  Sock- 
eye  salmon  were  not  taken  south  of  lat.  46°  N. 
They  extended  northward  to  at  least  lat.  50°30' 


N.,  south  of  the  western  Aleutian  Islands,  to 
lat.  51°  N.,  south  of  the  central  Aleutians  (see 
longline  catches,  table  1),  and  to  lat.  53°  N., 
south  of  the  eastern  Aleutians.  They  extended 
southward  on  this  easternmost  cruise  track  to 
at  least  lat.  49°  N. 

The  distribution  of  immature  sockeye  salmon 
from  north  to  south  was  relatively  narrow 
compared  with  that  of  maturing  fish  and  was 
restricted  to  the  southern  part  of  this  range. 
In  relation  to  oceanographic  features,  they 
were  in  the  Western  Subarctic  and  Transition 
or  easterly  moving  waters. 

Maturing  sockeye  salmon  had  a  wider  and 
more  northerly  distribution  than  the  immatures 
and  were  in  the  Western  Subarctic  and  Ridge 
Areas;  two  maturing  sockeye  salmon  were  also 
taken  in  Transition  water  along  long.  175°  E. 
In  relation  to  direction  of  water  movement, 
some  maturing  fish  (particularly  in  the  west) 
were  in  easterly  moving  water  and  some  ( par- 
ticularly in  the  east)  were  in  the  weak,  variable 
currents  of  the  Ridge  Area. 

South  of  the  central  Aleutian  Islands,  only 
two  small  catches  of  maturing  fish  were  made 
by  gill  nets,  which  indicated  that  abundance 
of  maturing  fish  was  low  in  this  area  compared 
to  areas  to  the  east  and  west.  Longlines,  how- 
ever, took  maturing  sockeye  salmon  more  con- 
sistently along  long.  175°  W.  (table  1),  which 
shows  that  relative  abundance  probably  was 
not  as  low  in  this  area  as  was  indicated  by 
gill  net  catches. 

Maturing  and  immature  sockeye  salmon 
were  also  separated  in  the  winter  along  long. 
162°  W.  and  155°  W.  (French,  Craddock,  Bak- 
kala,  and  Dunn,  1967) — immature  fish  were 
primarily  in  the  western  Subarctic  waters  and 
maturing  fish  in  the  Ridge  Area.  Distribution 
of  maturing  and  immature  fish  along  long. 
164°  W.  in  spring  1968  was  similar  to  the 
distribution  in  winter. 

Maturing  sockeye  salmon  were  farther  north 
in  early  June  than  in  May;  they  were  concen- 
trated in  the  Alaskan  Stream  and  northern 
part  of  the  Ridge  Area  (fig.  9).  These  fish 
were  believed  to  be  the  Bristol  Bay  sockeye 
salmon  on  their  spawning  migration.  The  main 
part  of  this  migration  appeared  to  take  place 
from  June  1  to  10;  catches  were  relatively 
much  lower  from  June  10  to  15. 
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Immature  fish  also  appeared  to  move  north- 
ward in  early  June.  They  were  throughout 
the  Ridge  Area  although  catches  were  small. 
It  is  known  that  they  inhabit  the  Ridge  Area 
abundantly  in  the  summer. 

Catches  gave  no  evidence  of  a  major  migra- 
tion of  maturing  Bristol  Bay  fish  south  of  the 
central  Aleutian  Islands  in  spring  1968.  Sup- 
port for  this  conclusion  was  based  on:  (1) 
the  low  relative  abundance  of  sockeye  salmon 
along  long.  175°  W.,  which  shows  that  Bristol 
Bay  fish  had  not  reached  this  area  by  late  May, 
and  (2)  the  appearance  in  early  June  of  mi- 
grating Bristol  Bay  fish  in  the  western  Gulf 
of  Alaska — too  far  east  to  allow  them  to  mi- 
grate westward  past  the  central  Aleutian  Is- 


lands to  western  passes  and  still  reach  Bristol 
Bay  in  the  normal  time  period  (early  July). 
Migrations  of  salmon  may  vary  with  the  flow 
of  the  Alaskan  Stream;  we  will  continue  to 
investigate  this  hypothesis  in  future  studies. 
Japanese  research  vessels  also  fished  in  the 
North  Pacific  Ocean  in  April  and  May  1967 — 
see  figure  10  for  comparison  of  the  1967  and 
1968  catches.  Sockeye  salmon  appeared  to  be 
more  abundant  in  1967  than  in  1968.  Cruises 
were  generally  different  in  the  2  years,  but 
the  distribution  of  sockeye  salmon  appeared 
to  be  similar  for  those  areas  fished  in  1967  and 
1968;  most  of  the  fish  were  between  lat.  45°  N. 
and  50°  N.  The  southern  limit  of  distribution 
seemed  to  be  farther  north  in  1968  than  in  1967, 
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and  this  shift  may  have  been  caused  by  the 
warm  water  (5°  C.  at  100  m.)  being  relatively 
farther  north  in  1968  than  in  1967  (see  section 
on  environmental  conditions). 

Additional  information  on  the  relative  abun- 
dance of  sockeye  salmon  in  the  spring  as  shown 
by  commercial  mesh  sizes  (121-  and  130-mm. 
mesh)  has  been  obtained  by  Japanese  research 
cruises  since  1965  (fig.  11).  These  data  show 
that  abundance  of  sockeye  salmon  was  greatest 
in  1965,  reduced  in  1966  and  1967,  and  lowest 
in  1968.  The  high  abundance  in  1965  reflects 
the  large  return  of  sockeye  salmon  (over  60 
million  fish)   to  Bristol  Bay  that  year. 

Another  feature  of  the  distribution  of  sock- 
eye salmon  (noted  from  data  of  1967  in  fig.  11) 
was  an  apparent  northward  shift  in  main  con- 
centrations of  fish  from  west  to  east.  In  this 
season,  fish  were  most  concentrated  from  about 
lat.  45°  N.  to  48°  N.  near  long.  170°  E.,  from 
about  lat.  47°  N.  to  50°  N.  between  long.  175° 
E.  and  180°,  and  from  about  lat.  50°  N.  to  51° 
N.  between  long.  175°  W.  and  170°  W. 


Chum   Salmon 

Chum  salmon  were  widely  distributed  from 
north  to  south,  extending  farther  south  than 
sockeye  salmon  on  the  two  western  cruise 
tracks  (fig.  12) .  To  the  east,  on  long.  164°  W., 
they  were  taken  from  about  lat.  49°  N.  to  lat. 
54°  N.,  the  limits  of  fishing. 

Immature  chum  salmon  in  May,  like  sock- 
eye salmon,  were  in  the  southern  part  of  this 
range,  but  maturing  chums,  unlike  sockeye 
salmon,  extended  as  far  south  as  the  immatures. 
Maturing  chum  salmon  were  in  all  water  Areas, 
but  south  of  the  central  and  western  Aleutian 
Islands  they  appeared  to  be  mainly  restricted 
to  the  Western  Subarctic  and  Transition  waters. 
Immatures  were  mainly  restricted  to  the  Trans- 
ition water. 

In  early  June,  south  of  the  eastern  Aleutian 
Islands,  an  increase  in  the  abundance  of  ma- 
turing chum  salmon  indicated  a  migration  of 
this  species  through  the  area  at  the  same  time 
as  the  migration  of  sockeye  salmon   (fig.  9). 
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The  chum  salmon  migration  was  also  in  the 
more  northerly  waters,  north  of  lat.  52°  N. 
in  the  northern  part  of  the  Ridge  and  Alaskan 
Stream  Areas. 

Catches  of  chum  salmon  by  Japanese  re- 
search vessels  in  1967  and  by  Japanese  and 
United  States  vessels  in  1968  (fig.  13)  indicate 
that  abundance  was  greater  in  1967  than  in 
1968;  the  1967  data  show  that  main  concen- 
trations were  between  lat.  45°  N.  and  50°  N. 
The  largest  catches  of  sockeye  salmon  were 
made  at  the  same  latitudes,  and  this  indicated 
extensive  intermingling  between  the  two  spe- 
cies in  spring  1967.  Intermingling  was  also 
evident  from  data  in  1968. 


Pink  Salmon 

The  distribution  of  pink  salmon  was  similar 
to  that  of  chum  salmon  on  the  three  1968 
cruise  tracks  (fig.  14).  They  were  taken  only 
south  of  lat.  50°  N.  by  gill  nets  on  the  two 
westernmost  cruise  tracks,  but  some  were  taken 
north  of  this  latitude  by  longlines.  On  the 
eastern  cruise  track  they  were  taken  from  about 
lat.  49°  N.  to  lat.  54°  N.  Main  concentrations 
of  pink  salmon  appeared  to  be  south  of  main 
concentrations  of  chum  and  sockeye  salmon; 
this  relation  was  also  evident  from  research 
cruises  in  1967  (fig.  15).  Main  concentrations 
were  centered  near  lat.  45°  N.  in  the  areas 
fished.     Pink  salmon  were  taken  in  all  water 
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Areas ;  they  were  concentrated  in  the  Western 
Subarctic  and  Transition  waters  south  of  the 
western  and  central  Aleutian  Islands  and  ap- 
peared to  be  most  abundant  in  the  Western 
Subarctic  and  Ridge  Areas  south  of  the  eastern 
Aleutian  Islands  (fig.  14).  The  lack  of  fishing 
in  the  Transition  waters  along  the  easternmost 
cruise  track  makes  this  conclusion  uncertain, 
however. 

Much  like  the  sockeye  and  chum  salmon,  pink 
salmon  were  found  in  more  northerly  waters 
in  early  June  near  long.  165°  W.  They  were 
in  the  Ridge  and  Alaskan  Stream,  apparently 
migrating  to  spawning  streams  (fig.  9). 

Coho  and   Chinook  Salmon 

Coho  and  chinook  salmon  were  caught  in 
much  smaller  numbers  than  were  the  other 
species  of  salmon.  The  George  B.  Kelez  took 
none  in  waters  north  of  lat.  48°  N.,  whereas 
the  Hokko  Maru  took  only  38  coho  and  1  chi- 
nook salmon,  and  the  Wakashio  Maru,  4  coho 


and  3  chinook  (table  1).  All  coho  were  taken 
from  lat.  45°  N.  and  southward  in  Transition 
water. 


AGE  AND  SIZE  OF  SALMON 

On  each  cruise  track  the  age  compositions 
and  lengths  of  salmon  were  examined  to  illus- 
trate differences  or  similarities  between  areas 
for  various  species. 

Sockeye   Salmon 

Catches  by  research  vessels  in  May  indicate 
that  age  composition  of  maturing  sockeye 
salmon  changed  with  latitude  (table  2).  Age 
.3  fish  predominated  at  the  more  northern  lat- 
itudes and  age  .2  fish  at  the  more  southern 
latitudes.  When  the  data  were  combined  for 
all  latitudes  the  greatest  proportion  of  the 
catches  consisted  of  age  .2  fish;  this  proportion 
was  slightly  higher  (62.5  percent)  near  long. 
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Figure  15. — Relative  abundance  of  maturing  pink  salmon  in  April  and  May  1967  and  1968. 


165°  W.  than  on  long.  175°  E.  to  180°  (55.2 
percent) . 

The  age  composition  of  the  Bristol  Bay  fish 
migrating  past  long.  164°  W.  in  early  June  was 
similar  to  that  of  fish  in  this  area  in  May. 
Catches  indicated  that  the  percentage  of  age 
.2  fish  increased  slightly  from  62.5  percent  in 
May  to  65.3  percent  for  migrating  fish  in  June. 
These  figures  compare  closely  to  the  age  com- 
position of  the  total  inshore  run  of  sockeye 
salmon  to  Bristol  Bay  in  1968,  which  was  63.6 
percent  age  .2  fish. 

Longline  catches  also  indicated  a  shift  to  a 
higher  proportion  of  younger  maturing  fish 
from  north  to  south  (table  2).  The  fact  that 
longlines  are  selective  for  larger  fish  is  sup- 


ported by  catches  along  the  cruise  track  of  the 
Wakashio  Maru:  age  .3  fish  contributed  39.7 
percent  of  the  maturing  fish  caught  in  gill  nets 
and  53.6  percent  of  those  caught  by  longline. 

A  shift  to  younger  ages  at  more  southern 
latitudes  was  not  apparent  for  immature  fish 
in  May;  a  high  percentage  taken  on  the  two 
easternmost  cruise  tracks  were  age  .2  (100  and 
91  percent),  but  only  56  percent  were  age  .2 
in  catches  along  long.  175°  E.  to  180°.  In  June 
along  long.  164°  W.,  the  availability  of  age  .1 
fish  increased  and  made  up  37.5  percent  of  the 
catches. 

Figure  16  shows  mean  fork  lengths  and 
ranges  in  length  by  maturity  stage,  age,  sex, 
and    location.      The  small  number  of  fish  in 
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MATURITY    AGE       SEX  LONGITUDE 


TIME 
PERIOD 


SAMPLE 
SIZE 


LENGTH        ICM.) 

35      40       45       50      55       60       65       70       75 


Immoture      .2      Female 


Maturing 


I75°E.-I80°      5/1-15  9 

I75°W          5/1-15  6 

I66*W.-I62"'W    5/16-31  21 

Mole          I7S«E-I80°      5/1-15  10 

I75°W           5/1-15  18 

I66,W.-I62»W    5/16-31  16 

6/1-15  7 

Female      I75°E-I80°      5/1-15  6 

5/16-31  5 

I66'W-I62°W  4/15-31  9 

5/1-15  9 

5/16-31  16 

6/1-15  143 

Male           I75*E.-IB0*      5/1-15  II 

5/16-31  9 

I66°W.-I62°W.  4/15-31  7 

5/1-15  7 

5/16-31  14 

6/1-15  154 

Female      I75°E.-I60°     5/1-15  7 

I66°W-  I62°W.  4/16-31  16 

5/1-15  10 

5/16-31  II 

6/1-15  91 

Male          I7S*E-  ISO*      5/1  -15  6 

5/16-31  6 

I66°W- I62°W.  4/16-31  14 

5/16-31  5 

6/1-15  78 


Figure  16. — Lengths   (end  of  snout  to  fork  of  tail)  of  sockeye  salmon  taken  in  gill  nets 
by  Japanese  and  United  States  research  vessels  in  April,  May,  and  June  1968. 


most  of  the  samples  prevents  any  detailed  dis- 
cussion of  size.  The  data  show,  however,  that 
immature  sockeye  salmon  of  ocean  age  .2  were 
about  35  to  51  cm.  long  in  May  and  averaged 
about  44  cm.  Maturing  sockeye  salmon  of  age 
.2  were  about  41  to  65  cm.  long  and  averaged 
about  50  to  55  cm.  long.  Mean  lengths  for 
age  .3  maturing  fish  were  56  to  63  cm.  Sock- 
eye salmon  taken  south  of  the  eastern  Aleutian 
Islands  tended  to  be  slightly  larger  than  those 
taken  south  of  the  western  Aleutian  Islands. 


Chum   Salmon 

The  age  composition  of  maturing  chum 
salmon,  as  in  sockeye  salmon,  changed  with 
latitude  (table  3).  From  north  to  south  age 
.3  fish  increased  in  abundance,  and  age  .4  fish 
decreased  in  abundance.  Also,  the  age  compo- 
sition apparently  changed  from  east  to  west 
when  the  total  age  composition  from  each 
cruise  track  was  compared.  Age  .3  and  .4  fish 
were  almost  equally  represented  in  catches 
along  long.  166°  W.  to  164°  W.,  whereas  age 
.3  fish  became  more  abundant  westward  (55.2 
percent  along  long.  175°  W.  and  74.0  percent 
along  long.  175°   E.  to  180°). 

The    age    composition    of    maturing    fish 


changed  somewhat  from  May  to  June  in  the 
area  fished  by  the  George  B.  Kelez: 


Month 

Number  of  fish 

Age 

.2 

.3         .4       .5 

May 

183 

0.6 

47.9     51.5     0 

June 

314 

8.5 

67.2     23.8     0.4 

The  change  resulted  in  a  greater  proportion 
of  younger  ages  and  the  clear  dominance  of  age 
.3  fish. 

Longline  catches  by  the  Wakashio  Mara  and 
Hokko  Mara  also  indicated  a  shift  to  younger 
ages  from  north  to  south.  Longlines  took  a 
higher  proportion  of  the  older  chum  salmon 
than  did  gill  nets. 

Immature  chum  salmon  were  most  abundant 
along  long.  175°  W.  The  George  B.  Kelez  took 
only  two  immature  fish  in  May  and  none  in 
June  along  long.  166°  W.  and  164°  W.  The 
small  sample  taken  on  the  westernmost  cruise 
track  indicated  that  most  of  the  fish  were  age 
.2  and  .3,  whereas  on  long.  175°  W.  most  were 
age  .1  and  .2. 

The  mean  length  of  age  .1  immature  chum 
salmon,  as  shown  by  a  small  sample,  was  about 
26  cm.  (fig.  17).  Immature  age  .2  fish  had 
mean  lengths  of  41  to  42  cm.,  whereas  the 
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MATURITY  AGE       SEX         LONGITUDE 


TIME 
PERIOD 


SAMPLE 
SIZE 


Immature 

.1 

Female 

I75"W. 

5/1- 15 

Mole 

175°  W 

5/1-15 

.2 

Femole 

I75*W. 

5/1 -15 

Mole 

175°  *. 

5/1-15 

Maturing 

.2 

Female 

I66-W.-I62*W 

6/1-15 

Male 

I75°W. 
I66"W.-I62°W 

5/1  -15 
6/1  -15 

.3 

Female 

I75"E.-IB0° 

I75"W. 
I66°W-162°W 

5/1-15            ; 
5/16-31 
5/1-15 
5/1-15 

5/16-31           ; 
6/1-15           1! 

Mole 

I75°E-  IBO° 

175°* 
I66°WH62°W 

5/1-15 
5/1-15 
5/1  -15 
5/16-31 
6/1-15 

.4 

Femole 

I75°E-I60° 
I66°W.-I62°W 

5/1-15 
5/16-31 
5/1 -15 
5/16-31 
6/1-15            ' 

Mole 

I66°W-I62°W 

5/1  -IS 
5/16-31 

LENGTH  (CM.) 

25       30       35       40       45       50       55        SO       65       70       75 

H 1 1 1 1 1 1 1 r- 


Figure  17. — Lengths  (end  of  snout  to  fork  of  tail)  of  chum  salmon  taken  in  gill  nets  by 
Japanese  and   United  States  research  vessels  in  May  and  June  1968. 


maturing  age  .2  fish  were  about  45  to  54  cm. 
long.  Mean  lengths  for  maturing  age  .3  chum 
salmon  were  about  52  to  62  cm.  and  for  age 
.4  fish  about  57  to  65  cm.  Similar  to  sockeye 
salmon,  chum  salmon  taken  south  of  the  east- 
ern Aleutian  Islands  were  usually  larger  for 
a  given  age,  sex,  and  time  period  than  those 
taken  south  of  the  central  and  western  Aleutian 
Islands. 

Pink  Salmon 

Body  lengths  of  pink  salmon  taken  by  gill 
nets  varied  from  31  to  59  cm.;  mean  lengths 
of  gill  net  catches  varied  from  about  40  to  45 
cm.  (fig.  18).  The  increase  in  size  from  west 
to  east  that  was  noted  for  sockeye  and  chum 


salmon  was  not  evident  for  pink  salmon.  Pink 
salmon  on  the  cruise  track  at  long.  175°  W. 
were  smaller  than  those  on  the  other  two  cruise 
tracks. 

DISTRIBUTION  OF   LARVAL  FISH 

Sampling  of  larval  fish  by  the  Japanese  re- 
search vessels  at  each  salmon  fishing  station 
show  varying  distributions  of  groups  (fig.  19). 
Hemilepidotus  were  the  most  abundant  larvae 
and  were  found  only  north  of  lat.  47°  N. 
Bathymaster  larvae  had  a  similar  distribution 
but  were  less  abundant.  Most  of  the  Myctoph- 
idae  larvae  were  south  of  lat.  48°  N.  and  there- 
fore primarily  south  of  the  larvae  of  Hemi- 
lepidotus and  Bathymaster.     Hexagrammidae 


AGE      SEX 


LONGITUDE 

TIME 
PERIOD 

SAMPLE 
SIZE 

I75°E-  180° 

5/1 -15 
5/16-31 

22 

1  1 

175°  W, 

5/1-15 

45 

I66°W.-I62°W. 

5/16-31 

51 

6/1-15 

77 

I75°E-  180° 

5/1  -  15 

58 

5/16-31 

32 

I75°W 

5/1-15 

29 

I66°W-I62°W 

5/1-15 

9 

5/16-31 

52 

6/1-15 

83 

LENGTH       (CM.) 

30      35       40       45       50       55       60 

-\ 1 1 1 1 1 


.  I      Female 


Male 


* 


Figure  18. — Lengths  (end  of  snout  to  fork  of  tail)  of  pink  salmon  taken  in  gill  nets  by 
Japanese  and  United  States  research  vessels  in  May  and  June  1968. 


21 


HEMILEPIDOTUS 


MYCTOPHIOAE 


50« 

N. 


45°  — 


40e 


50° 
N. 


45' 


40e 


70°W. 


I70°E.  180°  I70°W.  I70°E.  180°  I70°W 

Figure  19. — Larval  fish  distribution  and  isotherms  (°  C.)  at  100-m.  depth  in  April  and  May  1968. 


were  taken  throughout  most  of  the  area 
sampled  except  in  the  extreme  southern  part 
near  lat.  41°  N. 

The  distributions  of  Hemilepidotus  and 
Bathymaster  most  closely  resembled  that  of 
sockeye  salmon.  Myctophidae  larvae  were 
generally  south  of  most  sockeye  salmon  but 
were  in  areas  corresponding  to  the  southern 
part  of  the  chum  and  pink  salmon  distribution. 
The  larval  Hexagrammidae  were  distributed 
over  all  areas  in  which  salmon  were  found. 
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